The precipitate phases often play an important influence on the corrosion resistance of 10 2205 Duplex stainless steel (DSS). In the presented paper, the microstructure and corrosion 
Introduction

25
The 2205 duplex stainless steels (DSS), with excellent corrosion performance as well as good 26 mechanical property, have been an important class of engineering alloys for many years and 27 provide wide applications in many industrial fields, especially in the aggressive environment [1] [2] [3] [4] [5] [6] .
28
The effect of microstructural modifications of 2205 DSS on their mechanical and corrosive behavior 29 was intensively investigated in the past. Few works highlighted the changes of corrosion resistance 30 performances caused by phase proportion of austenite and ferrite [7, 8] . Several researches discussed 31 the passive films properties of the 2205 DSS during the electrochmical corrosion [9] [10] [11] [12] . Some studies 32 also indicated that the pitting corrosion of 2205 DSS often initiated from the σ phase due to the 33 depletion of Cr and Mo [13, 14] . and the "nose temperature" was about 850℃ in TTP (temperature-time-precipitation) diagram [22] .
48
In fact, it is inevitable that some treatments such as welding and other thermal treatments 49 could cause the precipitates in 2205 DSS when it exposed in the sensitive temperature of 50 precipitates [23] [24] [25] . The cold rolling is an industrial technique for hardening alloy, it will also 51 produce a large amount of deformation and increase the grain energy, finally affecting the 52 precipitation behavior and microstructure of the materials [26] . Cho 
57
In the present work, the sigma phase induced pitting and selective corrosion in the hot-rolled 58 and cold-rolled 2205 DSS was investigated. The changes of the microstructures and the corrosion 59 resistance of the 2205 DSS with hot-rolled or cold-rolled state aging at 850℃ for different time was 60 studied by X-ray diffraction (XRD), scanning electron microscope (SEM), and potentiodynamic 61 polarization. Besides that, the sample after corrosion tests were collected and characterized to 62 distinguish the corrosion mechanism in hot-rolled and cold-rolled 2205 DSS. The σ phase of the 63 aged sample was also removed by electrochemical-etching method, in order to clarify its effect on 64 the corrosion resistance.
65
Materials and Methods
66
The DSS utilized in this study was typical 2205 that were supplied by the Taiyuan iron&steel 67 company Ltd. (TISCO). The hot-rolled 2205 stainless steels plates with a thickness of 4 mm and 68 cold-rolled 2205 stainless steels plates with a thickness of 2 mm that had been cut into small blocks 69 with a size of 1 cm ×1 cm were first solution-treated at 1323 K for 1 h and then quenched in water to 70 balance of ferrite and austenite. The chemical composition is shown in Table 1 . Given the "nose 71 temperature", aging treatments were carried out on the specimens at 850℃for different time ranging
72
from 10 min to 4 h. Afterwards, each specimen was mounted in epoxy resin, mechanically ground 73 with SiC papers down to 3000 grit, polished to mirror finish, and subsequently cleaned through 74 employing distilled water and ethanol. 
75
77
Prior to use, all samples were etched using a mixed solution with the K2S2O5 (0.3 g), HCl (20 mL)
78
and H2O (80 mL). 
95
The electrochemical experiments were performed in 3.5 wt % NaCl solution, at room 
109
During aging at 850℃for 10 min, χ phase preferentially nucleated at the boundary of ferrite and 110 grew through the adjacent ferrite, as shown in Fig. 2b , which has been discussed in our previous 111 work [29] . However, it can be observed form Fig.2c and Fig. 2d that with the increase of aging time
112
to 3 and 4 h, the σ phase originated from the transformation of α→γ2+σ would gradually appear
113
and coarse, where γ2 is the secondary austenite. Therefore, it can be considered that there was lots
114
of σ phase in the matrix during aging for longer time. Besides that, a small amount of χ phase was 115 also detected and distributed at the grains of σ phase. 
163
been proved that the austenite phase in duplex stainless steel would be transformed into 164 ε-martensite or α′-martensite during cold deformation, and it can also be directly transformed into 165 α′-martensite when stacking fault energy is high [28] . Moreover, it is well known that both 166 α′-martensite and ferrite are body centered tetragonal crystal structure. Since the diffraction peak of 167 α′-martensite is consistent with the ferrite peak, the peak intensity of ferrite increase when 168 containing α′-martensite. Therefore, the XRD diffraction pattern of hot-rolled 2205 duplex stainless steel after different aging treatment in 3.5 wt % NaCl solution.
183
Moreover, Table 2 and Table 3 
193
It is well-known that the corrosion resistance has always been considered in regard to the Table 4 Chemical composition of phases showed in Fig. 7(a) 
222
Therefore, different from the hot-rolled 2205 sample, the cold-rolled 2205 DSS after aging treatment 223 was preferentially corroded from the phase boundary and α′-martensite in 3.5 wt % NaCl solution,
224
and the precipitates are basically not subject to be corroded in the initial process. Table 5 Chemical composition of strain-induced martensite and γ phase showed in Fig. 8(a) 
Discussion
233
To investigate in detail the corrosion behavior of hot-rolled and cold-rolled 2205 DSS, the σ 
242
For the cold-rolled 2205 DSS, the precipitation content of σ phase was increased, and the 
272
The corrosion resistance of the solution-annealed cold-rolled material is similar to the 
